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Summary 

This report describes tests made in the Variable Density 

Wind Tunnel of the Hational Advisory Committee for Aeronautics 

to determine the possibility of controlling the boundary layer 

on the upper surface of an airfoil by use of the low pressure 

existing near the leading edge. The low pressure was used to 

induce flow through slots in the upper.surface of the wing. 

The tests showed that the angle of attack for maximum lift was' 

increased at the expense of a reduction in the maximum lift 

coefficient and an increase in the drag coefficient.' 

Introduction 

It is well known that the boundary layer on the upper sur- 

face of an airfoil grows thicker as the angle of attack is in- 

creased. The thickening and loss of energy continue until the 

boundary layer has insufficient energy to overcome the adverse 

pressure gradient, and reversal of flow and separation may oc- 

cur, accompanied by an increase in drag, and finally by a re- 

duction in lift. 

. 
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Many attempts have beefi"r'aade to delay the separation either 
. . . ,< 

by removing the boundary 'i'ayer by suction, (References 3. to 5) or 
. . . . _ _ . . . . _. - . . _ . . . . 

by adding energfk 6d'the layer by'blow$ air from the interior 

of the wing out through backw&rd.$pening slot,s in the upper sur- 

face (References 5 to 7). Some of these attempts have been suc- 

cessful in that the maximum lift coefficient or the angle of at- 

tack for maximum lift,' 
,.:.. 

br bothi'has been increased. Most of the 
;: :' 1.. ..': I' 

methods employed, however, 
_ . . . . . 

necessitate the USC of mechanical de- 

vices, 'such ELB blowers-; independent"o$'the wing itself, and con- 
._ 

sebently they have'had' little applicatii;n. 

This report de$c?ibeB tests‘tb determine the possibility of 
-. 

deltiying the sep&fafii?h by'use o'f the"& pressure existing near : & ., .., 
the leading edge. .Preliminary tkstti, which were made in 1926, 

indicated that'air could be sucked through slots in the upper 
., .- . . . 

surface into the interior'of the wing by the action of a dis- 
. 

charge slot located in the..low-pressure region on the upper sur- 

face near the loading edge. An airfoil of this type will be 

-&led an internal-c'iroulation airfoil in this report. A model 
., 

was constructed in 1927'but the tests were unavoidably delayed 
, .-. 

until 1930 when force teste were made of the model in the Vari- 
. . . . . , 

able Density'Wind Tunnel of the Nati&& Advisory Committee for 

Aeronautics. 
. . 
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Apparatus and TcBtS 

A wooden, internal-circulation airfoil model (Figure 1). 

was constructed with th,e U.S.A. 35-A section (Reference S), a 

span of 32 inches, and a chord of 8 inches. Slots were ar- 

ranged in the upper surface of'the model as shown in Figure 2. 

The model was tested in the Variable Density Wind Tunnel 

(Reference 9) as reconstructed with a closed throat (Reference 

10). The tests were made at a'Reynoid,s Number of about , 

3,200,OOO. When first tested the surface of the model was much 

rougher th~an is u*sual for tests in this tunnel. The model.was 

then shellacked and rubbed to'produce a smoother surface, and 

retested. A test was made also with slots numbered 2 to 9, in- 

cluside (Figure 21, covered with a thin sheet of paper doped to 

the surface of the model. 

Results and Discussion 

The results of the tests with all slots open 

Figure 3, and those with some of the slots closed 

Figure 4. Tnc lift and drag coefficients, center 

and ratio of lift to drag are plotted against the 

are given in 

are given in 

of pressure, 

sngle of at- 

tack. The results are given for the geometric aspect'ratio of 

4 and are not corrected for-tunnel mall interference. 

The results of tests of an unslotted, polished, metal model 

of the U.S.A. 35-A airfoil at a Reynolds Rumber of 3,520,OOO 

(Reference 11) are plotted in F'igure 5. This normal model had a 
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30-inch span and a 5-inch chord, but theSresults have been cor- 

rected to the conditions represented by.a.model with a 32-inch . 
span and an 8-inch chord in a.close+throat tunnel with a diam- 

eter of 5 feet. The results are therefore gomparable with thpse 

for the.internal-ciroulation,model. AS compared with the normal 

model, the internal-circulation model.with all slots open has 

approximately a 5C+por cent larger useful, range of angle of at- 

tack, an 18-per cent lo?er maximum lift.coefficient, an 81-per 

cent higher minimum drag,,coefficient, and a. 33-per cent lower 
L maximu F. ,As qompared,with the.-normal model, the fnternal- 

circulation,model with some of the slots closed.has approximately 

a 21-per oent smaller useful.rcange.of angle of attack, a g-per 

cent lower maximum lift coefficient, a. 7l-per cent higher mini_ 

mum drag.coefficient, L and a 23-per oent.lowes maximum 5 . 

Figure 3 shows that there was an appreciable improvement in 

the characteristics of.the internalicfroulation model after r-e- 

finishfng, although the,surface was still much.rougher than that 

of the normal metal model. This improvsment indicates that a 

smooth model would have better characteristics than the one used 

in these tests. 

The results of the,test show that the useful range of angle 

of attack for this ,internal-circulation airfoil is much larger 

than for the normal airfoil. In this test the efficiency of the 

airfoil was impaired, but, if the slots-are properly proportioned 

andlocated, ft may be possible to increase, the useful range of' 

. 
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angle of attack--by this'.method without lowering the efficiency < . 
of the'Pii;ng to 'such an extent-:as to make it impracticable. . 
investigation should be undertiken to dctcrmine the number, 

. . ." . ' 
cation, and si&':o'f the:: slot@:to' produce the< most desirable - 

.‘. . 
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Fig.1 Internal-&mulafion airfoil model. 
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Airfoil motion U.S.A.-35A Span 32 inohes 

Fig.2 Internal-ciroulation airfoil. 
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Nama of section: USA. 35-A internal-circulation airfoil. 
Sizz of model: 32 inch span. 8 inch chord. Dcte 9-13-30. 
Pressure in standard atmospheres:12.3 Test V.D.T. 473-4 

Rt'ynolds Number 3.2~106 

X Original surface 
0 Rubbed surface > Not corrected for tunnel ~a11 effects. 

Lift coefficiant (Absolute) CL, 
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Fig. 3 Characteristics of the U&1.35-d internal-circulation 
airfoil no&l with all slots open. 
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Name of section: USA-35A internal-circulation sirfoil. 
Size of IIIOd81: 32'inch span. 8 inch chord. Date 3-12-30 
Pressure in standard atmospheres: 12.3.Test V.D.T. 475 

' .- Reynolds Xo. 5.2~106 

Not corrected for$unnel wall eff&ots. 
Slots number 2,3,4,5,6,7,8 and 9 closed. 
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Fig. 4 Characteristics of the U-SA.35-A internal- 
circulation airfoil nod21 with slots 2 to 

9 closed. 
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Xano of section: U&I. 35-A 
Size of modzl: 30 inch spas. 5 inch chord. Dp-t~ Z-1-25 
Pressure in standmd ctmosphmZs: 20.3.Tmt V.D.T. 105-4 
Wind velocity in ft.pGr sec.: 75.8 Royxolds Xumbcr 3,520,OOO 

C0r 
md 
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8 inch c 
roctod to follorring conditions: Xodel of 32 inch 

hord in 5 ft. dia. clomd-throct tuimcl. 
Lift cozfficimt (&lbso>Jte) cL--)l 6 . 
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Fig. 5 Gharcctzristics of m unslotted, nctp1 model of 
tix L&~.35-d airfoil. 
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